Ellerman bombs (EBs) are believed to be small-scale reconnection events occurring around the temperature minimum region in the solar atmosphere. They are often identified as significant enhancements in the extended Hα wings without obvious signatures in the Hα core. Here we explore the possibility of using the 1700 Å images taken by the Atmospheric Imaging Assembly (AIA) onboard the Solar Dynamics Observatory (SDO) to study EBs. From the Hα wing images obtained with the New Vacuum Solar Telescope (NVST) on 2015 May 2, we have identified 145 EBs and 51% of them clearly correspond to the bright points (BPs) in the AIA 1700 Å images. If we resize the NVST images using a linear interpolation to make the pixel sizes of the AIA and NVST images the same, some previously identified EBs disappear and about 71% of the remaining EBs are associated with BPs. Meanwhile, 66% of the compact brightenings in the AIA 1700 Å images can be identified as EBs in the Hα wings. The intensity enhancements of the EBs in the Hα wing images reveal a linear correlation with those of the BPs in the AIA 1700 Å images. Our study suggests that a significant fraction of EBs can be observed with the AIA 1700 Å filter, which is promising for large-sample statistical study of EBs as the seeing-free and full-disk SDO/AIA data are routinely available. 
Background
Ellerman bombs (EBs) are intense transient brightenings in the extended Hα wings without obvious signatures in the Hα core (Ellerman 1917) . They are often believed to be small-scale reconnection events occurring in the low atmosphere of solar active regions (Pariat et al. 2007; González et al. 2013 ). However, recent observations clearly reveal that they are also present in the quiet-Sun regions (van der Voort et al. 2016; Nelson et al. 2017) . While some studies suggested that EBs form in the low chromosphere (e.g., Schmieder et al. 2004) , recent highresolution observations indicated that they just occur in the photosphere (e.g., Watanabe et al. 2011; Vissers et al. 2013) . EBs typically last for 10-20 min (Kurokawa et al. 1982; Qiu et al. 2000) and they have a size on the order of 1″ (Dunn and Zirker 1973; Dara et al. 1997) .
EBs are usually studied using the Hα data obtained by ground-based telescopes. However, ground-based observations often suffer from varying seeing conditions. As a result, only a small number of high-quality EB datasets have been acquired in the past. Such a limitation largely hampers the investigation of EBs, especially large-sample statistical studies of EBs. Qiu et al. (2000) first noticed that some EBs have signatures in the 1600 Å images obtained with the transition region and coronal explorer (TRACE, Handy et al. 1999 ). More recently, it has also been found that some EBs correspond to small-scale compact brightenings in the 1700 Å images taken by the Atmospheric Imaging Assembly (AIA, Lemen et al. 2012) onboard the solar dynamics observatory (SDO) (Vissers et al. 2013; Tian et al. 2016; Zhao et al. 2017; Toriumi et al. 2017 Peter et al. 2014; Vissers et al. 2015; Cho et al. 2015; Tian et al. 2016; Grubecka et al. 2016) . However, it is still under debate whether such intense heating is directly caused by the EBs or not (e.g., Lei et al. 2016; Reid et al. 2017; Berlicki and Heinzel 2014; Fang et al. 2017; Hong et al. 2017; Danilovic 2017; Hansteen et al. 2017 ).
Here we analyze the data taken by SDO/AIA and the Chinese 1-m New Vacuum Solar Telescope (NVST, Liu 2014), and perform the first statistical study on the visibility of EBs in AIA 1700 Å images. Our analysis results demonstrate that many EBs can be observed with the AIA 1700 Å filter, which has significant implication for large-sample statistical studies of EBs.
Observations and data analysis
We use the dataset acquired by NVST from 01:11 to 03:59 UT on 2015 May 2, which is the same dataset used by Tian et al. (2016) . The pointing coordinate is (− 814″, − 222″) in this observation. The NVST data include images of the Hα core, blue wing at -1 Å and red wing at + 1 Å. The time cadence for each passband is ~ 50 s, and the spatial pixel size is 0.167 arcsec. The blue wing images are not used in this study as some EBs are obscured by surges or spicules (Tian et al. 2016) .
These Hα images are used to identify EBs. We first take the Hα red wing images and select those pixels with intensity exceeding 4σ (σ is the standard derivation of the intensity) above the average in at least two continuous images. If there is no obvious increase at the same pixels in the Hα core images, these pixels will be identified as pixels of EB candidates. Any four contiguous pixels of EB candidates that appear in at least two consecutive images will be counted as one EB. Using this method, we have identified 145 EBs from our NVST observation.
The AIA 1700 Å images have a cadence of 24 s and a pixel size of ~ 0.6″. The coalignment between the NVST images and AIA 1700 Å images is achieved by matching the locations of some commonly observed compact brightenings in the Hα wing images and AIA 1700 Å images. After coalignment, we extract the data cube of a small region corresponding to the field of view (FOV) of the NVST observation from the full-disk 1700 Å images. Bright pixels in the AIA 1700 Å images are flagged by using an intensity threshold of 3.5σ above the average intensity. These pixels are defined as pixels of the candidates of 1700 Å bright points (BPs). Any four contiguous pixels of BP candidates that appear in at least two consecutive images will be counted as one BP. Using this method, we have identified 125 BPs from the AIA 1700 Å images obtained during the NVST observation period. Figure 1 shows a snapshot of the NVST Hα red wing and SDO/AIA 1700 Å observations. The field of view is 75″ × 75″. The red and blue contours represent locations where the intensities exceed the thresholds mentioned above. So the blue contours indicate BPs in the 1700 Å images, while the red contours mark potential candidates of EBs. Only those red contours within which the Hα core intensities do not show an obvious increase will be identified as EBs. As an example, the identified EBs and BPs detected at 01:12 UT in a smaller region are shown in Fig. 2 . In the following, we will examine which EBs are found at the locations of BPs, and how many BPs are found at the locations of EBs.
Results and discussion
We find that 74 EBs (51% of the 145 EBs identified) can be clearly recognized as BPs in the AIA 1700 Å images. Figure 2 shows some examples of these BP-related EBs. These EBs are generally the stronger and larger EBs. As the spatial resolution of NVST is much higher than that of AIA, it is likely that some small-scale and weak EBs also have weak 1700 Å emission that is below the intensity threshold we use to identify BPs. We have also resized the NVST images using a linear interpolation to make the pixel sizes of AIA and NVST images the same. Using the resized NVST images, we find that some previously identified EBs disappear and that about 71% of the remaining EBs correspond to BPs in the AIA 1700 Å images.
On the other hand, 66 BPs (53% of the 125 BPs) in the AIA 1700 Å images correspond to identified EBs in the Hα wing images. If we do not consider the large-scale (~ 5′′) BPs in the AIA 1700 Å images, the percentage will be 66%. It appears that these large-scale brightenings are caused by microflares or other phenomena in the chromosphere rather than EBs. Qiu et al. (2000) found that most EBs that are related to UV enhancement are located at the boundaries of unipolar magnetic areas. In our observation the target active region is close to the east limb. Thus, the measurement of magnetic field is not reliable. Because of this observational limitation, it is difficult to tell whether different magnetic field structures are associated with the EBs showing signatures in the AIA 1700 Å images and those showing no detectable signatures in AIA 1700 Å images. Figure 3 presents scatter plots of the relationship between the lifetime and intensity of EBs in Hα wing images, as well as the intensity of EBs in Hα wing and AIA 1700 Å images. Note that the intensity here refers to the intensity at the brightest pixel of an EB or BP (within each contour). The first scatter plot shows a clear positive correlation between the intensity and lifetime of EBs. This means that brighter EBs often have longer lifetimes, possibly suggesting that EBs with higher energies generally have longer lifetimes. The second scatter plot shows a tendency that the intensities of EBs in Hα wing images have a positive correlation with the intensities at the corresponding pixels in AIA 1700 Å images. We also divide the Hα wing intensities into several bins with a bin size of 400, then calculate the average 1700 Å intensity in each bin. A general trend of larger 1700 Å intensity with increasing Hα wing intensity can be clearly seen. Figure 4 shows the distributions of the intensities and lifetimes for the BP-related EBs and EBs which are not related to BPs. Obviously, EBs that are not associated with BPs in the AIA 1700 Å images have smaller intensities and shorter lifetimes compared to the BP-related EBs. The lifetimes of most EBs are less than 20 min, which is consistent with the typical lifetime of EBs (10-20 min) reported in previous studies (Kurokawa et al. 1982; Qiu et al. 2000) . As some EBs could repeatedly occur around the same locations and some EBs may disappear and recur within the time interval between two continuous exposures, the estimated lifetimes of EBs might be larger than the real lifetimes.
Summary
Using joint observations of NVST and SDO/AIA, we have performed the first statistical study on the visibility of EBs in the AIA 1700 Å images. We have identified 145 EBs from the H wing images, and found that 74 of them (51%) can be clearly identified as BPs in the AIA 1700 Å images. Most of these 74 EBs are relatively large and strong EBs. We have also resized the NVST images using a linear interpolation to make the pixel sizes of the AIA and NVST images the same. After doing this we have re-identified EBs in the resized NVST images, and found that 71% of them are associated with BPs. Meanwhile, we have identified 125 BPs from the AIA 1700 Å images, with 66 of them (53%) corresponding to EBs in the H wing images. This percentage becomes 66% if we exclude large-scale BPs that are likely caused by microflares rather than EBs in the AIA 1700 Å images. The intensities of EBs in the Hα wing images reveal a linear correlation with the AIA 1700 Å intensities.
Our results indicate that most small-scale, compact, and transient brightenings in the AIA 1700 Å images can The red and blue contours mark the brightest pixels in the Hα red wing and 1700 Å images, respectively, using the intensity thresholds mentioned in "Observations and data analysis" section. Identified EBs are indicated by the numbers in the left image, where the blue and red numbers indicate EBs that are related or not related to BPs, respectively. In the right image, the blue and red numbers indicate BPs that are related or not related to EBs, respectively 
